PATENT SPECIFICATION 



DRAWINGS ATTACHED 
Inventors'- J0HN Wl LL I AM GEORGE GREGORY 

RICHARD BRUCE OWEN 
Dare of filing Complete Specification: Feb. 23, 1959. 

Application Date: March 28, 1958. No. 9968/58. 

Complete Specification Published: Dec. 21, 1960. 


857005 


5C 


Index at Acceptance:- Classes 39( l) f D(8:9C:9F: I2A: I2B4: 12C: I2E:38); and 39(«*), C2B3X3XX. 
International Classification:- G2I. HOI J. 

COMPLETE SPECIFICATION 

Improvements in or relating to apparatus for measuring the amount of 
uranium contamination on the outer surfaces of fuel elements 

We, UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, LONDON, a British Authority 
do hereby declare the invention, for 
which we pray that a patent may be 
5 granted to us, and the method by which 
it is to be performed, to be particu- 
larly described in and by the following 
statement: - 

This invention relates to apparatus 
10 for measuring the amount of uranium con- 
tamination on the outer surfaces of fuel 
elements. 

The sensitivity of apparatus for 
detecting the presence of burst uranium 
15 fuel elements in an operating gas-cooled 
nuclear reactor by coolant sampling is 
determined to a large extent by the 
uranium contamination In the circuit of 
the coolant, principally on the surfaces 
20 of the fuel elements. It Is therefore * 
necessary to ensure that, before loading 
into a reactor, the fuel elements are 
cleaned and the residual uranium contami- 
nation is below a specified amount of 
£5 the order of a microgram per foot length 
of fuel element (as related to a circum- 
ferentially finned cylindrical fuel 
element). 

Various methods have been proposed for 
30 detecting uranium contamination on the 

outer surfaces of fuel elements. In one 

method the fuel element Is exposed to a 

neutron flux and the beta activity of 

decayed gaseous fission products produced 
35 from uranium contamination by the flux is 

detected. In a second method the fuel 

element is exposed to a neutron flux and 

fission fragnents from uranium contami- 
nation are detected by means of the 
40 scintillations the fission fragnents 

produce in a phosphpr near to the fuel 

element. In a third method the emission 

of alpha particles naturally associated 

with uranium is detected in a scintilla- 
45 tlon screen. 


In measuring low contamination levels 
(e.g., one microgram per foot length of 
fuel element), the first method requires 
a high neutron flux, resulting in tested 
fuel elements of high activity with con- 
sequent handling problems. The second 
method, whilst not requiring such a high 
neutron flux as the first method, never- 
theless has the problems associated with 
exposure of a fuel element to a neutron 
flux. The third method suffers from 
time taken to carry out the test as the 
fuel element has to be scanned slowly 
past the screen. It is an object of the 
present invention to provide apparatus 
for measuring the alpha particle emis- 
sion from the outer surface of a fuel 
element by a more rapid method than that 
previously employed. 

According to the present invention 
apparatus for measuring alpha particle 
emission from the outer surface of a 
nuclear fuel element comprises an 
evacuable chamber having means for 
Insertion and withdrawal of the fuel 
element in to and out frcm tfre .chamber, 
means for supporting the fuel .element 
within the chamber and an electrode 
system which allows ^ls to pass freely 
therethrough mounted In the chamber so 
as. to surround a ftiel element supported 
therein. 

In operation of the apparatus of the 
Invention the electrode system surround- 
ing the fUel element is made positive 
relative to the chamber and gas readily 
Ionised by alpha particles is admitted 
into the chamber. Electrons arising 
from lonlsa tlon o£ the admitted gas are 
attracted to the positive electrode and 
give rise to voltage pulses vrtilch can be 
recorded. 

Apparatus according to the invention 
can be given enhanced sensitivity by 
providing a guard electrode between the 
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anode electrode and the chamber and by 
constructing the apparatus generally of 
material having a low rate of alpha 
particle emission such as steel which 
5 gives an alpha count of about 25 per 
square foot per hour. 

By way of example, the invention will 
now be described with reference to the 
single figure of the drawing ac company - 
10 ing the provisional specification vtfiich 
is a sectional elevation. 

In the drawing, apparatus for 
measuring alpha particle emission from 
uranium contamination on the outer 

15 surface of a fuel element 1 comprises 
an evacuable chamber 2 having a winding 
mechanism 3 for insertion and with- 
drawal of t^ie fuel element 1 in to and 
out from tiie chamber 2 and an end plate 

20 5 from which the fuel element 1 Is 
supported. An anode electrode 4 of 
generally cylindrical form is mounted 
in the chamber 2 so as to surround the 
supported fuel element. 

25 A guard electrode 6 of generally 
cylindrical fonn is provided between 
the electrode 4 and the chamber 2, and 
the apparatus generally is constructed 
of steel having an alpha count of about 

30 25 per square foot per hour. 

In greater detail, the electrode 4 
spans between circular end plates 7, 8 
and is in the form of a" wire 9 threaded 
between the end plates, 7, 8 six times 

35 so that the six threads are equally 

spaced on a pitch/circle of four Inches 
diameter. The wire 9 is insulated from 
the plates 7, 8 by insulators 10 and is 
0.005 inches in diameter, and the ends 

40 of the six threads pass through short 
lengths of narrow bore tubing 11. This 
arrangement of the electrode 4 allows 
gas to pass freely through it. 

The electrode 6 also spans between 

45 the end plates 7, 8 and is in the form 
of a wire 12 threaded between the end 
plates 7, 8 sixteen times so that the 
sixteen threads are equally spaced on 
a pitch circle of six inches diameter. 

50 The wire 12 Is 0.010 inches in 

diameter. The electrodes 4, 6 are con- 
nected by wires 13, 14 to terminals 15, 
16, insulators 17 being provided for 
the wires 13, 14 where they pass 

55 through the chamber 2. The end plates. 
7, 8 are carried by three equl-spaced 
tie-bolts 18 mounted in the chamber 2 
on insulating blocks 19, insulating 
rings 20 being provided for the end 

60 plates 7, 8. 

Hie chamber % 2 is twelve Inches in 
diameter and fifty four inches long, 
and has welded end flanges 21, 22 to 
which ttie end plate 5 and an end plate 

65 23 respectively are sealed by sealing 


rings 24 and bolts 25. The chamber 2 
is provided with a pipe 26 having a 
control valve 27 and a branched pipe 28 
having control valves 29, 30 and a leak 
valve 3i. The fljel element 1 has a 70 
hook 32 to which is coupled a support 
rod 33 carrying a support plate 34 
which locates in a hole in the end 
plate 5. 

A valve 35 having dimensions allow- 75 
ing the passage of a ftiel element is 
sealed to the end plate' 5 by a sealing 
ring 36 and bolts 37. The valve 35 is 
also sealed by a sealing ring 38 and 
bolts 39 to a chamber 40. The chamber .80 
40 houses the winding mechanism 3 
comprising a winding pulley 41 mounted 
on a drive shaft 42 (sealed in passage 
through the chamber 40), a glide pulley 
43 and a wire 44 connected at one end 85 
to the pulley 4i and at the other end 
to the support rod 33. The chamber 40 
has an end plate 45 sealed by a sealing 
ring 46 and bolts 47, and a pipe 48 
having a control valve 49. Welded to 90 
the chamber 40 are support arms 50, 51 
rotatably mounted on a shaft 52 
carried by support arms 53, 54; 

Operation of the apparatus will now 
be described commencing with the pro- 95 
cedure adopted for inserting the fuel 
element 1 into the chamber 2 from an 
external point. The valve 35 is 
closed, the bolts 39 undone and the 
chamber 40 pi votted- about the shaft 52 100 
so as to be clear of the chamber 2. 
The rod 33. Is then coupled to the 
fuel element 1 which Is then wound up 
into the chamber 40 using the winding 
mechanism 3. The chamber 40 is then 105 
swung back into posl tion over the 
valve 35 and the bolts 39 are tight- 
ened. The air in the chamber 40 is 
then evacuated via the pipe 48 and the 
chamber 40 Is filled with pure argon iio 
to a pressure of # one. atmosphere, 
followed by closing of the valve 49. 
The air in the chamber 2 is evacuated 
via the pipe 26 and the chamber 2 is 
filled with pure argon to a pressure 115 
of one atmosphere, followed by closing 
of the valve 27. The valve 35 is then 
opened and the : fuel element i is 
lowered to the position shown in the 
drawing using the winding mechanism 3.. 120 

Measurement of the amount of 
uranium contamination on the : outer 
surface of the fuel element 1 is now 
carried out. During measurement a 
flow of argon is provided by maintain- 125 
ing the pressure of argon in the 
apparatus at slightly over one atmos- 
phere and allowing a controlled leak 
from the leak valve 31. A potential 
difference is maintained between the 130 
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chamber 2 and the electrodes 4, 6 by 
applying a positive voltage {e.g. + 1.7KV) 
to the electrode 4 and a negative voltage 
(e.g. -300V) to the electrode 6. Alpha 
5 particle emissions from uranium, contami- 
nation on the outer surface of the fuel 
element 1 give rise to ionisation of the 
argon, the resulting electrons passing 
to the electrode 4 to give voltage 

10 pulses which are recorded. 

In the apparatus described above, the 
distance between the electrode 4 and the 
walls of the chamber 2 is such as to be 
greater than the range of alpha parti- 

15 cles In argon at one atmosphere pressure. 
Electrons formed by gas ionisation out- 
side the electrode 6 are repelled in a 
direction away from, the electrode 4 by 
tiie negatively charged electrode 6. The . 

20 lengths of tubing 11 produce regions of 
low gas amplification factor in the 
neighbourhood of the end plates 7, 8 so 
that alpha particle emissions from the 
end plates 7, 8 give much smaller voltage 

26 pulses on the electrode 4 than alpha 


particles emitted from the fuel element 
11, and these' smaller pulses are not 
recorded. 

WHAT WE CLAIM IS: - 

i* Apparatus lor measuring alpha 30 
particle emission* from the outer sur- 
face of a nuclear fuel element compri- 
sing an evacuable chamber having means 
for insertion and withdrawal of the 
fuel element in to and out from the 35 
chamber, means for supporting the fuel 
element within the chamber and an 
electrode system which allows gas to 
pass freely therethrough mounted in the 
chamber so as to surround a fuel element 40 
supported therein. 

2. Apparatus substantially as here- 
inbefore described with, reference to 
the drawing accompanying the provisional 
specification. 45 

E. R. MEDLOCK, 

Chartered Patent Agent. 
Agent for the Applicants. 


PROVISIONAL SPECIFICATION 
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Improvements in or relating to apparatus for measuring the amount of 
uranium contamination on the outer surfaces of fuel elements 


We, UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, of LONDON, a British 
Authority do hereby declare this inven- 
tion to be described in the following 

50 s tat em en t:- 

This Invention relates to apparatus 
for measuring the amount of uranium 
contamination on the outer- surfaces of 
fuel elements. 

55 The sensitivity of apparatus for 

detecting the presence of burst uranium 
fuel elements in an operating gas- 
cooled nuclear reactor by coolant 
sampling is determined to a large extent 

60 by the uranium contamination in the cir- 
cuit of the coolant, principally on the 
surfaces of the fuel elements. It is 
therefore necessary to. ensure that, 
before loading into a reactor, the fuel 

65 elements are cleaned and the residual 
uranium, contamination is below a speci- 
fied ambunt of the order of a microgram 
per foot length of fuel, element (as 
related to a circumferentlally finned 

70 cylindrical ruel element). , 

Various methods have been proposed 
for detecting uranium contamination on 
the outer surfaces of fuel elements. 
In one method the fuel element is 

76 exposed to a neutron flux and the. beta 
activity of decayed gaseous fission 
products produced from uranium contami- 


nation by the flux is detected. In a 

second method the fuel element is 

exposed to a neutron flux and fission 80 

fra©nents frcm uranium contamination 

are detected by means of the scinllla^ 

tlons the fission fragnents produce in 

a phosphor near to the fuel element. 

In a third method the emission of alpha 85 

particles naturally associated with 

uranium is detected in a scintillation 

screen. 

In measuring low contamination 
levels (e.g. one microgram per foot 90 
length of fuel elemeiit), the first, 
method requires a high neutron flux, 
resulting in tested fuel elements of 
hlgi activity with consequent handling 
problems. The second method, whilst. 95 
not requiring such a hl#i neutron flux 
as the first method, nevertheless has 
the problems associated with exposure 
of a fUel element to a neutron flux. 
The third method suffers from time 100 
taken to carry out the test as the 
fuel element has to be scanned slowly 
past the screen. 

According to the present Invention 
apparatus for measuring the amount of 105 
uranium contamination on the outer 
surface of a fuel element comprises 
an evacuable chamber having means for 
insertion and withdrawal of the fuel 
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element In to and out from the chamber, 
the chamber having mounted therein an 
anode electrode of general cylindrical 
form, and means for supporting the fuel 
5 element within the electrode. 

Apparatus according to the invention 
can be given enhanced sensitivity by 
providing a guard electrode between the 
anode electrode and the chamber and by 

10 constructing the apparatus generally of 
material having a low rate of alpha 
particle emission such as steel which 
gives an alpha count of about 25 per 
square foot per hour, 

15 By. way of example, the Invention will 
now be described With reference to the 
single figure of the accompanying drawing 
which is a sectional elevation. 

In the drawing, apparatus for measur- 

20 ing the amount of uranium contamination 
on the outer surface of a fuel element 1 
comprises an evacuable chamber 2 having 
a winding mechanism 3 for insertion and 
withdrawal of the ftiel element 1 in to 

25 and out from the chamber 2. Mounted in 
the chamber 2 Is an anode electrode 4 of 
general cylindrical form, and the 
chamber 2 has an end plate 5 from which 
the fuel element 1 is supported within 

30 the electrode 4. 

A guard electrode 6 of general cylin- 
drical form is provided between the elec- 
trode 4 and the chamber 2, and the 
apparatus generally is constructed of 

35 steel having an alpha count of about 
25 per square foot per hour. 

In greater detail, the electrode 4 
spans between circular end plates 7, 8 
and is in the fortn of a wire 9 threaded 

40 between the end plates, 7, 8 six times - 
so that the six threads are equally 
spaced on a pitch circle of four inches 
diameter. The wlre-9 is insulated from 
the plates 7, 8 by insulators 10 and is 

45 0.005 inches in diameter, and the ends 
of the six threads pass through short 
lengths of narrow bore tubing 11. 

The electrode 6 also spans between 
the end plates 7, 8 and Is in the form 

50 of a wire 12 threaded between the end 
plates 7, 8 sixteen times so that the 
sixteen threads are equally spaced on a 
pitch circle of six Inches diameter. 
The wire 12 is 0.010 inches in diameter. 

55 The electrodes 4, 6 are connected by 
wires 13, 14 to terminals 15, 16, insu- 
lators 17 being provided for the wires 
13, 14 where they pass through the 
chamber 2. The end plates 7, 8 are 

60 carried by three equi-spaced tie-bolts 18 
mounted In the chamber 2 on insulating 
blocks 19, Insulating rings 20 being 
provided for the ©id plates 7, 8. 
The chamber 2 is twelve inches in 

65 diameter and fifty four inches long, and 


has welded end flanges 21, 22 to which 
the end plate 5 and an end plate 23 
respectively are sealed by* sealing 
rings 24. and bolts 25. The chamber 2 
is provided with a pipe 26 having a 7< 
control valve 27 and a branched pipe 
28 having control valves 29, 30 and a 
leak valve 31. The fuel element 2 has 
a hook 32 to which is coupled a support , 
rod 33 having a support plate 34 which 7, 1 
locates in a hole in the end plate 5. 

A valve 35 having dimensions allow- 
ing the passage of a fuel element is 
sealed to the end plate 5 by a sealing 
ring 36 and bolts 37, The valve 35 is 8( 
also sealed by a sealing ring 38 and 
bolts 39 to a chamber 40. The chamber 
40 houses the winding mechanism 3 com- 
prising a winding pulley 41 mounted on 
a drive shaft 42 (sealed in passage 8; 
through the chamber 40), a guide pulley 
43 and a wire 44 connected at one end 
to die pulley 41 and at the other end 
to the support rod 33. The chamber 40 
has an end plate 45 sealed by a sealing 9r 
ring 46 and bolts 47, and a pipe 48 
having a control valve 49. 1 Welded to 
the chamber 40 are support arms 50, 51 
rotatably mounted on a shaft 52 carried 
by support arms 53, 54. 9, r 

Operation of the apparatus will now 
be described commencing with the pro- 
cedure adopted for inserting the fuel 
element 1 into the chamber 2. from an 
external point. The valve 35 is 10C 
closed, the bolts 39 'undone and the 
chamber 40 plvotted about the shaft 52 
so as to be clear of the chamber 2. 
The rod 33 is then coupled to the- fuel 
element 1 which is then wound up Into ioi 
the chamber 40 using the winding 
mechanism 3. The chamber 40 is then 
swung back into position over the 
valve 35 and the bolts 39 are tight- 
ened. The air in the chamber 40 is lie 
then evacuated via the pipe 48 and the 
chamber 40 is filled with pure argon 
to a pressure of one atmosphere, 
followed by closing of the valve 49. 
The air in the chamber 2 is evacuated lif 
via the pipe 26 and the chamber 2 Is 
filled with pure argon to a pressure 
of one atmosphere, followed by closing 
of the valve 27. The valve 35 Is then 
opened and the fuel element 1 is 12( 
lowered using the- winding mechanism 3 
to the position shown In the drawing. 

Measurement of the amount of 
uranium contamination on the outer 
surface of the fuel element 1 Is now 12! 
carried out. During measurement a flow 
of argon is provided by maintaining the 
pressure of argon in the apparatus at 
slightly over one atmosphere and allow- 
ing a controlled leak from the leak 13( 
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valve 31. A potential difference Is 
maintained between the chamber 2 and the 
electrodes 4, 6 by applying a positive 
voltage (e.g. + 1.7 KV) to the electrode 
5 4 and a negative voltage (e.g. -3007) to 
the electrode 8. Alpha particle emis- 
sions from the outer surface of the fuel 
element 1 due to uranium contamination 
give rise to ionlsatlon of the argon, 

10 the resulting electrons passing to the 
electrode 4 to give voltage pulses which 
are recorded. 

In the apparatus described above, the 
distance between the electrode 4 and the 

16 walls of the chamber 2 is such as to be 
greater than the range of alpha parti- 
cles in argon at one atmosphere pressure. 


Electrons formed by gas ionlsatlon out- 
side the electrode 6 are repelled in a 
direction away from the electrode 4 by 20 
the negatively charged electrode 8. 
The lengths of tubing 11 produce 
regions of low gas amplification factor 
In the neighbourhood of the end plates 
7, 8 so that alpha particle emissions 26 
from the end plates 7 # 8 give much 
smaller voltage pulses on the elect- 
rode 4 than alpha particles emitted 
from the fuel element 11, and these 
smaller pulses are not recorded. 30 

E. R. MEDLOCK, 

Chartered Patent Agent 
Agent for Applicants. 
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/ SHEET This drawing is a reproduction o 

the Original on a reduced scale. 



